To compare the diagnostic accuracies of Lipiodol computed tomography (CT) and helical biphasic CT as preoperative imaging modalities for hepatocellular carcinoma (HCC).
Objective
To compare the diagnostic accuracies of Lipiodol computed tomography (CT) and helical biphasic CT as preoperative imaging modalities for hepatocellular carcinoma (HCC).
Summary Background Data
Lipiodol CT after digital subtraction angiography has long been used as a highly sensitive imaging modality for HCC. The recent advent of helical CT has allowed scanning the entire liver during both the arterial and portal venous phase of contrast enhancement.
Methods
The authors analyzed data from 164 patients who underwent hepatic resection for HCC to calculate the sensitivity and specificity of these modalities. Findings of intraoperative ultrasonography followed by histologic confirmation were set as the gold standard.
Results
Although sensitivity decreased with both modalities as tumors became small and well differentiated, helical CT showed a higher sensitivity than Lipiodol CT in detecting well-differentiated HCC nodules smaller than 2 cm. In contrast, Lipiodol CT was superior to helical CT for the detection of small but moderately to poorly differentiated nodules. The overall sensitivity of helical CT was higher than that of Lipiodol CT. These findings suggest that helical CT is superior in delineating early HCC, whereas Lipiodol CT is specific to the detection of intrahepatic metastases. In terms of specificity, helical CT was superior to Lipiodol CT.
Conclusions
Helical CT and Lipiodol CT are complementary modalities. At present, helical biphasic CT does not obviate the need for invasive techniques such as angiography and Lipiodol CT as preoperative examinations for HCC.
Advances in various imaging modalities including ultrasonography and computed tomography (CT) have facili-tated the detection of hepatocellular carcinoma (HCC) in a preclinical stage. 1 As a result, the resectability of HCC has markedly increased, thereby significantly improving survival during the past two decades. [2] [3] [4] [5] HCC nodules are often multifocal and frequently accompanied by intrahepatic metastatic nodules. 6 -8 Underestimation of these lesions may lead to inappropriate surgical resection. Therefore, accurate preoperative imaging evaluation of HCC nodules is essential for selecting appropriate patients for surgical intervention and for determining the extent of hepatectomy. Because typical HCCs are hypervascular tumors that have only an hepatic arterial blood supply (i.e., there is no portal venous flow 9 ), hepatic angiography has been widely used as an imaging technique for HCC. 10 Moreover, Lipiodol CT, which involves CT after intrahepatic arterial injection of iodized oil (Lipiodol Ultrafluid; Andre Guerbet, Aulnay-Soubois, France), has been reported to be the most sensitive preoperative imaging modality for HCC, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] especially in detecting intrahepatic metastatic nodules. 12, 14, 18, 19 However, the recent advent of helical CT has allowed scanning of the entire liver during both the arterial and the portal venous phase of contrast enhancement. 21 Several studies have shown a significant increase in the detection of HCC nodules with the biphasic contrast-enhanced technique using helical CT compared with conventional CT. [22] [23] [24] However, consensus has not been reached as to whether helical biphasic CT obviates the need for other invasive imaging modalities such as digital subtraction angiography (DSA) and Lipiodol CT. Likewise, the abilities of various imaging modalities to detect early HCCs (i.e., Ͻ2 cm, well differentiated) has not been adequately investigated. 25, 26 This is a major clinical concern because well-differentiated HCCs, as is frequently the case with small HCCs, are often hypovascular and thus theoretically less detectable by these imaging modalities than more advanced HCCs. 25 In the 6 years from 1993 through 1998, we routinely carried out DSA and Lipiodol CT in addition to ultrasonography and enhanced CT (with or without helical biphasic) as preoperative imaging studies to determine resectability and surgical procedures. In total, 164 patients underwent these examinations. In all cases, the final surgical decision was made based on the findings of intraoperative ultrasound. In this report, we retrospectively analyze the data collected from these 164 patients to compare the diagnostic accuracy of helical biphasic CT, DSA, and Lipiodol CT in detecting HCC nodules.
PATIENTS AND METHODS

Patients
Between January 1993 and December 1998, 164 patients with HCC underwent preoperative DSA and Lipiodol CT examination at the First Department of Surgery, Shinshu University School of Medicine. These patients form the basis of this report. The methods that first led to the diagnosis of HCC were ultrasound, CT (with or without biphasic contrast enhancement), and/or tumor markers such as alfafetoprotein and des-␥-carboxy prothrombin. There were 121 men and 43 women, ranging in age from 21 to 82 years (mean 63.8). Helical biphasic CT was carried out in the last 69 consecutive patients; in other words, this modality was not available when the first 95 patients were evaluated.
Enhanced CT or Helical Biphasic CT
We used conventional CT (CT 9800; General Electric Medical Systems, Milwaukee, WI), before the introduction of helical CT, as a preoperative examination consisting of 1-cm contiguous sections through the entire liver, before and after intravenous infusion of 100 mL iohexol (Omnipaque 300; Daiichi Pharmaceutical Co., Tokyo, Japan). After the introduction of helical CT, the patients underwent unenhanced and biphasic helical CT scanning (Hispeed Advantage; General Electric Medical Systems), which involves the arterial and portal venous phases after intravenous infusion of contrast media, as follows. First, patients were imaged with a helical CT scanner with a 7-to 10-mm collimation and a 1:1 pitch in a cranial-caudal direction beginning at the top of the liver. Then, 100 mL iohexol was administered at a rate of 3 mL/s. CT was initiated 30 seconds after infusion. The entire liver was imaged in 20 to 30 seconds (the arterial phase). Images from the second pass of contrast agent through the liver were obtained beginning at 60 to 70 seconds after infusion. Again, 20 to 30 seconds was required to image the entire liver (the portal venous phase).
DSA and Lipiodol CT
We first obtained arterial portograms using the superior mesenteric artery to confirm the presence or absence of tumor thrombus in the portal vein after previous assessment by ultrasound and/or CT. Next, hepatic arteriography, for which images were obtained through the conventional method and DSA, was performed. We injected an approximately 5-mL suspension of iodized oil into the proper hepatic artery or selectively into each left, middle, and right hepatic artery. CT examination of the liver was performed an average of 15.3 days after intraarterial injection of iodized oil to evaluate areas of Lipiodol retention.
Intraoperative Ultrasonography and Pathologic Examination
Surgery was performed on average 20.3 days after the Lipiodol CT examination. The gold standard for the presence or absence of HCC lesions was provided by findings at visual inspection of the liver surface, bimanual palpation, and intraoperative ultrasound (SSD 650 CL and/or SSD 2000; Aloka, Tokyo, Japan) with a 7.5-MHz linear probe. Operators were aware of the results of all preoperative imaging studies. Lesions detected for the first time by intraoperative ultrasound were resected whenever possible together with the tumors identified before surgery. If hepatic resection of these lesions was deemed inappropriate because of the tumor location, ultrasound-guided biopsy followed by immediate histologic examination was performed. The tumors were treated with intraoperative ethanol injection or left untreated, according to the results of histologic examination. 
Data Analysis
The images for each radiologic study were interpreted by at least two attending radiologists before surgery. The examiners were aware of the results of previously performed imaging studies. Because retention of iodized oil is also known to occur in hemangiomas and areas of arterioportal shunt, 16, 27 Lipiodol deposits in these lesions were not counted as positive nodules if they had been detected by other imaging techniques.
A comparison between preoperative imaging data and those from the intraoperative ultrasound and pathologic examinations was undertaken to determine the accuracy of various preoperative imaging modalities for diagnosing HCC nodules. True-positive, false-positive, and false-negative nodules detected with each preoperative imaging modality were assessed according to lesion-by-lesion analysis by setting nodules confirmed to be HCC with intraoperative ultrasound and pathologic examination as the gold standard. Thus, sensitivity and positive predictive value were calculated in this study population, lesion by lesion, as follows: sensitivity ϭ true-positive nodules/(true-positive nodules ϩ false-negative nodules), and positive predictive value ϭ true-positive nodules/(true-positive nodules ϩ false-positive nodules).
Because true-negative nodules could not be defined based on lesion-by-lesion analysis, true-negative cases were defined based on patient-by-patient analysis as any patient in whom the area without HCC was correctly predicted by preoperative imaging. Then, the specificity of each imaging modality was calculated, patient by patient, as true-negative cases/(true-negative cases ϩ false-positive cases).
The sensitivity and specificity of the imaging modalities were compared by the Fisher exact test. We also conducted the generalized estimating equation approach to account for the correlation in results from the same lesion, considering that such a correlation may overestimate the difference determined by the Fisher exact test. P Ͻ .05 was accepted as a significant difference.
RESULTS
Intraoperative ultrasound followed by histologic confirmation identified 268 HCC nodules in 164 patients. Of these patients, 108 had one tumor, 29 had two tumors, 14 had three tumors, and 12 had four or more tumors. The mean diameter of these nodules was 25.8 mm (range 2-135, median 20). There were 66 well-differentiated nodules, 165 moderately differentiated nodules, and 37 poorly differentiated nodules. Figure 1 shows the relationship between tumor size and cellular differentiation of HCC nodules. The diameters of well-differentiated, moderately differentiated, and poorly differentiated HCC nodules (mean Ϯ SD) were 1.62 Ϯ 0.96, 2.75 Ϯ 1.9, and 3.45 Ϯ 3.0 cm, respectively. Likewise, median diameters of these three groups of HCC nodules were 1.4, 2.5, and 2.5 cm, respectively. Although tumors became less differentiated as their size increased (r ϭ 0.31, P Ͻ .0001, by Spearman rank analysis), 36% (12/33) of poorly differentiated nodules were smaller than 2 cm in diameter.
In the lesion-by-lesion and patient-by-patient analyses (Tables 1 and 2) , all robust probability values by the generalized estimating equation approach were virtually the same as the naive ones calculated by the Fisher exact test. Thus, data were expressed as naive values calculated by Fisher exact tests. Table 1 shows the sensitivities of the various imaging modalities according to tumor size and the degree of tumor differentiation. In general, the sensitivity of either imaging method decreased as the tumors became smaller and better differentiated. Nonetheless, the sensitivity of helical CT in detecting fairly small (Յ2 cm), welldifferentiated HCC nodules was significantly higher (50% for nodules Յ1cm, 89% for those 1-2 cm) than that of DSA (4% for nodules Յ1cm, P Ͻ .01; 57% for those 1-2 cm, P ϭ NS) or that of Lipiodol CT (7% for nodules Յ1cm, P Ͻ .05; 48% for those 1-2 cm, P Ͻ .05). On the contrary, Lipiodol CT showed higher sensitivity than DSA and helical CT for the detection of moderately to poorly differentiated HCC nodules with a diameter of 1 cm or less (74%, 52%, and 33%, respectively; P Ͻ .05 for Lipiodol CT vs. helical CT). The overall sensitivities of DSA, Lipiodol CT, and helical CT in detecting HCC were 69%, 78%, and 87%, respectively. The differences in sensitivity between DSA and Lipiodol CT (P Ͻ .05) and between helical CT and DSA (P Ͻ .01) were statistically significant. Although the difference in overall sensitivity between Lipiodol CT and helical CT was not statistically significant by the Fisher exact test, the McNemar test on data exclusively from the last 69 consecutive patients who underwent both of these modalities showed a significant difference in sensitivities (78% vs. 87%, respectively; P Ͻ .05).
DSA examination resulted in 15 false-positive nodules in 164 patients: one nodule was diagnosed as hemangioma by intraoperative ultrasound and histologic examination, and the remaining 14 were not identified by ultrasound. The 36 false-positive nodules by Lipiodol CT included seven hemangiomas, two regenerative nodules, one arterioportal shunt, and 26 deposits not identified by ultrasound. Helical CT examination resulted in five false-positive nodules in 69 patients. All five were defined as false positive because intraoperative ultrasound could not detect them. Table 2 shows the specificities of various imaging modalities according to patient-by-patient analysis. The specificity of Lipiodol CT (83%) was significantly lower than that of DSA (92%) and helical CT (93%) (P Ͻ .05, respectively).
The positive predictive values according to lesion-bylesion analysis were as follows: DSA, 93%; Lipiodol CT, 85%; and helical CT, 95%. The differences between Lipiodol CT and DSA and that between Lipiodol CT and helical CT were statistically significant (P Ͻ .05). Figure 2 shows a representative patients in whom the HCC nodule was correctly identified by Lipiodol CT but not by helical CT. Figure 3 shows another patient in whom helical CT identified the HCC nodule not detected by Lipiodol CT.
DISCUSSION
Several studies have evaluated the accuracy of Lipiodol CT imaging in detecting HCC nodules. 13,15-19,28 -33 They used histologic assessment of liver biopsy specimens, 17 liver parenchyma taken by partial liver resection, 13, 15, 18, 19 or explanted liver at the time of liver transplantation as references 28 -33 and have reported a wide variety of sensitivities (40% to Ͼ90%). 13,15-19,28 -33 Still, the question of whether Lipiodol CT provides information beyond that obtained with other noninvasive modalities, as preoperative evaluation in the era of helical biphasic CT, remains to be addressed. Although a few studies have assessed the diagnostic accuracy of helical biphasic CT in comparison with that of Lipiodol CT, they set the findings of Lipiodol CT as the gold standard. 34 -36 With these in mind, we reviewed our institutional experiences with DSA, Lipiodol CT, and helical biphasic CT performed before liver resection for HCC. In this study, intraoperative ultrasound findings, followed Lipiodol CT and Helical Biphasic CT by histologic confirmation, served as the gold standard. This procedure is thought to be appropriate from the practical viewpoint of preoperative evaluation because it is accepted that liver resection is the mainstay of HCC treatment and that intraoperative ultrasound is the most sensitive imaging technique currently available. 3, 15 There are several notable findings in this investigation pertaining to both advantages and disadvantages of Lipiodol CT (see Table 1 ). First, there is a general trend toward reduced detection ability with both imaging techniques as the tumors become smaller and more differentiated. This observation is in line with that reported by Spreafico et al 31 for Lipiodol CT and by Ohashi et al 37 for dynamic incremental CT. Nonetheless, the sensitivity of helical CT for well-differentiated HCC is superior to that of Lipiodol CT or DSA, especially when tumors are small, whereas Lipiodol CT shows sensitivity superior to that of helical CT in detecting small but moderately to poorly differentiated HCCs. This finding agrees with those of Ohashi et al 37 and Raby et al, 38 who reported that Lipiodol CT could detect HCC as small as 3 mm, provided that the nodule is hypervascular. It is not possible to discriminate completely between daughter (i.e., intrahepatic metastatic) and multifocal nodules based solely on imaging or pathologic findings. However, it is generally accepted that a tumor becomes less differentiated (i.e., well to moderately or poorly) as its size increases 39 (also shown in Fig. 1) , whereas daughter nodules are small but their grade of differentiation is moderate to poor. 20, 40 In light of these considerations, the present results strongly suggest that helical CT is superior to Lipiodol CT in delineating early HCC nodules, but the latter method is superior for detecting intrahepatic metastatic lesions.
Despite several studies that reported the sensitivity of various imaging modalities including Lipiodol CT, 13,15-19,28 -33 few if any have referred to the specificity of detecting lesions with these techniques. 16 The present results indicate the inferior specificity of Lipiodol CT compared with DSA or helical CT, even after what were presumed to be nonspecific Lipiodol deposits had been ruled out. This inferior specificity should be kept in mind when interpreting Lipiodol CT images.
Although the overall sensitivity and specificity of Lipiodol CT were inferior to those of helical biphasic CT in the present study, these modalities have diagnostic values specific to different clinical entities and are thought to be complementary. Detection of intrahepatic metastases has major clinical importance because this has been the factor most consistently reported to be indicative of a poor prognosis after hepatic resection. 4, 8, 41 Further, Lipiodol CT is always accompanied by angiography, and sensitivity when combined with DSA increases to as much as 82%. In our series of 69 patients who underwent both helical biphasic and Lipiodol CT, the latter identified new HCC nodules that had not been detected by helical biphasic CT in three patients. Further, during the study period, we had five patients who were initially candidates for hepatectomy but were judged to have inoperable disease because of lesions identified solely by Lipiodol CT. These patients underwent transcatheter arterial embolization and were ultimately con-firmed by their clinical courses and later imaging studies as being "true positives."
In conclusion, although the overall ability of helical biphasic CT scan to detect HCC nodules is superior to that of Lipiodol CT, these modalities appear to be complementary. At present, helical biphasic CT does not obviate the need for DSA and subsequent Lipiodol CT as a preoperative examination for HCC. 
